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ABSTRACT 


DE-ICING OF THE ALTITUDE WIND-TUNNEL TURNING VANES 
BY ELECTRO-MAGNETIC IMPULSE 

This Is the Final Technical Report for research and development 
work done under Grant No. NAG 3-607 from the NASA Lewis Research Center 
to Wichita State University. The period of the Grant was 16 January, 
1985, to 15 January, 1986. The NASA technical monitor was Mr. Roger 
Svehla and the principal Investigator was Professor Glen W. Zumwalt. 

The Altitude Wind Tunnel at the NASA-Lewis facility in Cleveland, 
Ohio, is being proposed for a refurbishment and moderlzation. Two 
major changes are (1) the increasing of the test section Mach number 
to 0.90 and (2) the addition of spray nozzles to provide simulation 
of flight in Icing clouds. Features to be retained are the simulation 
of atmospheric temperature and pressure to 50,000 foot altitude and 
provision for full-scale aircraft engine operation by the exhausting 
of the aircraft combustion gases and ingestion of air to replace that 
used in combustion. 

The first change required a re-design of the turning vanes in the 
two comers downstream of the test section due to the higher Mach num- 
ber at the corners. The second change threatens the operation of the 
turning vanes by the expected ice build-up, particularly on the first- 
corner vanes. De-icing by heat has two drawbacks: (1) an extremely 

large amount of heat is required and (2) the melted ice would tend to 
collect as ice on some other surfaces in the tunnel, namely, the tunnel 
propellers and the cooling coils. An alternate de-icing method had 
been under development for three years under NASA-Lewis grants to The 
Wichita State University. 

This report describes the Electro-Impulse De-Icing method and 
the testing work done to assess its applicability to wind tunnel turn- 
ing vane de-icing. Tests were conducted in the structural dynamics 
laboratory and in the NASA Icing Research Tunnel. Good ice protection 
was achieved at low power consumption and at a wide range of tunnel 
operating conditions. Recommendations for design and construction of 
the system for this application of the EIDI method are given. 
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I. The Problem: Turning Vane Icing 


The planned rehabilitation of the Altitude Vlnd Tunnel (AWT) at the 
NASA Lewis Researoh Center lnoludea the need for new corner turning vanes to 
mateh its upgraded performance. A plan view of the tunnel and its planned 
capabilities are Shown in Fig. 1. Increasing the test section Mach number 
to 0.9 results in an approach Mach number for the first corner turning vanes 
of 0.35. The flow turns 90* in very limited distance, requiring a carefully 
designed turning vane to avoid separation and high pressure losses, Ref. 1. 

In addition to higher speed, the AWT refurbishment calls for an icing 
capability by the addition of spray nozzles in che plenum chamber. 

Experience in other icing tunnels has shown that a considerable fraction of 
the water spray can be expected to freeze on the first corner vanes. This 
would gradually alter the critical vane shape and result ultimately in 
transonic flow. A de-icing system was clearly required. 

In the existing Icing Research Tunnel (IRT) at NASA Lewis Research 
Center, steam heating is used to de-ice the vanes. This has three draw- 
backs: (a) for the AWT, which has nearly six times the flow area of the IRT 
and nearly four times the velocity, a very large amount of steam would be 
required; (b) A sophisticated control system would be required to avoid 
condensate freezing on excessive heating over the wide range of air speed, 
density and temperature; (c) The ice melted from the turning vane is 
returned to the tunnel circuit as water droplets to become ice on the next 
cold surface, thus transfering the icing problem from the corner vanes to 
the propeller or (more likely) the moling colls. 
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An alternative method for de-ioing the oornar vanes was proposed: da- 
doing the oornar vanes by Eleotro-Impulse De-Iolng (EIDI). For the previous 
30 months NASA had sponsored a project to develop the EIDI method for 
airoraft applications. Wichita State University had been the Grant reci- 
pient, oharged with performing research on the underlying eleotrioal and 
physical phenomena, and with coordinating the efforts of ten oooperating 
industrial partners. These industries inolude manufacturers of large 
transport airoraft (Boeing; Douglas), business jets (LearFan; Lear jet), 
small planes (Beech; Cessna), helicopters (Sikorsky), nacelles (Rohr) and 
electrical equipment (Simmonds-Precision; Electro-Delta). The project had 
resulted in seven test periods in the Icing Wind Tunnel at Lewis, and two 
sets of flight tests (NASA's DHC-6 Icing Research Aircraft and Cessna 206). 
Flight tests (NASA's DHC-6 Icing Research Aircraft and Cessna 206). (See 
Ref. 2 for a summary). The technology had been advanced to the point where 
a full prototype was being installed in a Cessna 206 aircraft, and the 
Cessna company had stated its intention to pursue certification after 
successful prototype refinement. For a wide range of aircraft wings, 
struts, and an engine inlet, with skin thicknesses up to 0.088 inches, the 
EIDI system had been shown to be able to expel ice reliably for various 
tunnel icing conditions. This was done with very small power consumption 
and no aerodynamic surface intrusion. 

The basic principles of the EIDI system will be given in Section II. 
Consideration of the use of the EIDI system for the turning vanes involved 
an application to a very different situation from those previously tested. 

In all previous tests, lifting surfaces or engine inlets were the ice 
collectors, and small amounts of ice formed on the leading edges only. For 
the turning vanes, due to their function of turning the air a full 90 
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degrees, it was expeoted that ioc will form on the entire oonoave aurfaoe ae 
well as the leading edge. This is a atreamwise length of nearly five feet 
for 64 vanes with span lengths from 10 to 28 feet. Thus, much more loe and 
larger surfaoes must be oonsldered than ever before. 

On the other hand, previous applications were dominated by low weight 
and power requirements and these will not be of suoh high oonoern for the 
AWT. In both oases, high reliability with a minimum of maintenance are 
expected. The degree of aerodynamic cleanliness required in the AWT is 
likely to be somewhat less than that for an aircraft wing. The oompaot, 
light-weight power supply and sequencing boxes developed for airoraft would 
probably be ohanged considerably for this application to optimize economy 
and reliability. 

Thus, in principle, no barriers were seen to the successful de-icing of 
the AWT corner vanes by the electro-impulse method. But to design a system 
which is near optimum for vanes which are so large, curved, highly loaded 
aerodynamioally and inaccessible, required a major study, test and develop- 
ment program. 


II. Electro-Impulse De-Icing 

Electromagnetic impulse is the force on an electrically conducting 
material in the presence of a rapidly changing magnetic field. Figure 2 
shows a this metallic sheet ("skin") and a nearby flat-wound coil. The 
magnetic field forming around the coll Induces eddy currents in the skin. 
The field produced by the eddy currents interacts with the coil's field to 
produce a repulsive force. Figure 3 shows a simple circuit to produce such 
an impulse, using a capacitor as the source of transient current. The 
rapidly acting solid-state switch, the "thyristor" or silicon controlled 
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reotifier (SCR), shorts ths ospsoltor through the ooll. Ths diode sots ss s 
one-way vslve to prevent reverse charging of the ospsoltor. Figure 4 shows 
the typioal resulting ourrent and skin displacement. 

This impulse phenomenon oan be used to de-loe a surface due to the 
brittle oharaoter of ioe. When used to de-ioe the leading edge of an 
airoraft wing or engine inlet, an installation suoh as the one shown in 
Figure 5 is used. The ooil, constructed of flat ribbon wire wound spirally, 
is rigidly mounted to the nearby spar, to a beam supported by ribs or even 
to the skin Itself. Peak currents of 2 to 3 kA at 1000 to 1500 volts 
discharge in a fraction of a milllseoond resulting in a peak force of 400 to 
500 lbs. (1780-2237N). Aircraft skin displacements of a few milli-lnobes (a 
fraotion of millimeter) are typical. Coils are placed along a wing's span, 
spaced about 18 inches (0.46m) apart. These are all supplied by a single 
power unit, with two or three impulses at each coil location, separated by 
the time required to recharge the capacitor. Ice is then allowed to accumu- 
late at that location while the impulses are sequenced around the aircraft, 
returning to the original position after 3 or 4 minutes. The energy re- 
quired to constantly recharge the capacitor is small; it is less than IS of 
the energy needed to continuously melt the ioe. For aircraft, the rule-of- 
thumb is that the power required for Electro-Impulse De-Icing (EIDI) is 
about equal to the power for the landing lights for the same size airplane. 

In addition to low power, advantages of the EIDI system are low mainte- 
nance (no moving parts), compact size, reliable de-icing and reasonable cost 
and weight. These benefits are realized only if the design is done pro- 
perly. Careful matching of electrical pulse width with the electrical 
properties of the skin and with the structural dynamics of the iced struo- 
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ture la raqulrad; Sat Raf. 3 and 4. Low resistance, low Induotanoa oir- 
oultry aa wall as food oontrol of tha ooll-to-akin gap width, la naoaaaary. 

III. Modal Design and Fabrloatlon 

Due to the dealre to simulate as nearly as possible the full soale 
conditions of the AWT, It was decided to oonstruot a short span, full scale 
chord model of the AWT turning vanes. The oroaa section was that of the 
"oomplex vane design" (Referenoe 5) that produoes a nearly " flat" Maoh 
number distribution over the initial length of the vane. 

Front and rear spar locations and lengthwise rib looatlons were 
aeleoted on the basis of past applications of E1DI. A fully oantilevered 
leading edge was selected because the olear span, uninterrupted by support 
members, would produce the best effectiveness of the EIDI as well as optimum 
placement of the de-icing coils. A bay width of 18 indies with three 
instrumented bays was seleoted (Figure 6). To provide flow continuity 
aoross the entire Instrumented section, a non- instrumented bay of 15 inches 
span was placed at either end of the three Instrumented sections giving a 
total length of 7 feet. Also shown in Figure 6 are the ooil locations. The 
ooils were mounted on the front spar in the case of the leading edge and to 
beams mounted between the ribs for the aft two bays of each section. In 
order to complete the flow simulation two exact duplicate vanes were 
constructed to be placed on either side of the one Instrumented vane, thus 
providing a three-vane set of seven foot length. All internal 
structure was of aluminum. The instrumented vane was constructed of 0.062", 
301 stainless steel for the pressure and suotion surface skins and the 
leading edge was of 0.040", 301 stainless steel. All of the skins for the 
dummy vanes were 2024 aluminum. 
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The suotlon surf ao« skin of the instrumented van* was attaobad with 


round baad aorawa for aaay ramoval. Tha praaaura aurfaoa waa attaobad with 
fluab baad oountarsunk rivata. At all akin faatanara In tba inatrunantad 
baya, tha lntarnal baarlng aurfaoa waa raduoad to pronota a "rooking notion" 
of tha akin aoi'osa tba faatanara; tbua inproving tba clearing notion of tba 
EXDI oolla. Tba oolla In tha landing adga warn of a raoa traok design. All 
othara wara olreular. All wara wound fron ribbon ooppar wlra according 
to tha apeolfloatlona given in Figure 7. The oolla ranged in alza 
fron 3-4 inobea in diameter and had from 35-51 turn a of wire. Each 
ooll had ita own supply wlra to tha power box ao that any combination of 
oolla oould be firod simultaneously. Tha gap between tha ooll faces and tha 
0.062 inoh ooppar doublers waa 0.10 lnoh. The doublers were reotangular and 
approximately 50 % larger in size than tha diameter of tha oolla. These 
doublers were riveted at their oornara as wall as being bonded to tba 
pressure and leading edge skins. 

Tha material oallad out for the akina and leading adga waa 304 stain- 
less steal. Due to tha difficulty in forming this material, 301 annealed 
stainless steal waa substituted. 

Sea Appendix C for detailed design drawings of the model. 
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IV LABORATORY TESTS 


Prior to the teste In the lolng Researoh Tunnel, the vane was tested to 
measure skin and mounting movements when the colls were impulsed. The ooils 
on the oonoave surface were series- connected as was done in the tunnel 
tests. The nose ooils were not tested. To avoid looal mass loading of the 
skin, 0.5 grate accelerometers were bonded to the skin. Sinoe these snail 
sensors have limited acceleration range, the Impulse energies used were less 
than those used in aotual de-icing. Typically, 600 mlorofarada and 400 
volts were supplied to a pair of serles-oonneoted ooils. 

Aooelerometers were bonded tc the outside skin dlreotly over the 
centers of ooils 4, 10, 11, 14 and 16, and over the midpoint between ooil 
pairs 1-6, 8-12, 14-18 and 15-19* (See Figure 6 for ooil locations.) In 
addition, aooelerometers were bonded to ooil mounting beams midway between 
ooil pairs 1-6 and 8-12; the&e were ooils near the trailing edge with 
oramped space and smaller beams. As a result of these tosts, the rear beams 
were re-worked for added stiffening. 

The laboratory test results are shown in Figures 9a through 9g. The 
aooeleratlon and displacement values can be expeoted to be proportional to 
the impulse energy. Thus, aotual tunnel impulse oonditiona can be 
estimated from these data. 


V. lolng Tunnel Testa 


Model Installation 

Due to the size of the model it was phyaioally Impossible to install it 
In the test seotlon of the IRT. In addition, due to the large amount of air 
that would be deflected 90 degrees from the vane Inlet direction, It was 
deemed not reallstio to looate the model in the relatively oonfined size of 
the test seotlon without the prospeots of flow Interference within the 
vanes. It was thus deoided to Install the model in the IRT diffuser as 
olose to the first- oorner turning vanes as possible. The model was looated 
midway between the side walls on an elevated stand to plaoe it in the oenter 
of the lolng air stream. It was opaoed approximately 1 1/2 chords ahead of 
the IRT turning vanes. Velooity distribution measurements showed that the 
model was located In a uniform flow stream and that the model location ahead 
of the IRT turning vanes was sufficient to preclude any interference with 
the model flow field. 

iQlng Tunnel IggUHfl 

In September 1985, the model was Installed in the NASA Lewis Research 
Center Research Tunnel (IRT) and tests were run. Data gathered was in the 
form of remote television recording during icing and ice removal as well as 
hand held television, moving picture oamera and still photographs during the 
ice removal process. loe type and tblokness were estimated prior to loe 
removal for each test. Observations were taken for test seotlon air speeds 
from 100 to 200 miles per hour. This was equivalent to a maximum speed of 
about 92 miles per hour at the model. Air temperatures ranged from 15 to 27 
degrees Farenheit (-9 to -3 degrees Celsuls). Liquid water content ranged 
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fro* 0.8 to 3*0 grant par oubio natar and watar droplat alza froa 15 to 30 
alorons. Host tasta wart run with aoouaulation tiaaa of 15 ainutaa. Hov- 
avar, a faw wara run for 30 ainutaa. Tha aaxiaua iolng tint waa for ona 
hour for a vary light ioing oondltion. Da-iolng waa aoooapliahad by uaing 
600 and 800 alorofarad oapaoltanoa and voltagaa froa 800 to 1400. Moat of 
tha oolla wara oonnaetad in palra. However, aoaa taata wara run with 
alnglaa and othar ooabinatlona in an attanpt to dataralna tha optinum loca- 
tion and power raquirad to optlaally da-ioa each of tha two major bay a aa 
wall aa tha laading adga section. 

Good oleanlng waa deaonatrated on all araaa of tha oantar vana with 
fairly low anargy expenditures. loa removal occasionally raquirad 2 or 3 
hits. 

VI. Results and Conclusions 

Results 

Tha tast data for tha 20 runs are presented in Appendix B. For 
aoat of tha teats points tha vana laading adga aeoiaulated 1/4-1 inch 
lnoh of loa for 15 minute runs and 1-2 inohes for tha longer (30 minute) 
runs (Figure 10). Ona run lasted 1 1/2 hours and tha ioa aoouaulation at 
tha laading adga waa 3.25-3*5 inches thick. Tha ioa aoouaulation aft of tha 
forward spar on tha pressure surface ranged from a light frost to 5/8 lnoh 
thiok (Figure 11). Most of these accumulations oould be cleared with one or 
two hits froa tha oolls. Occasionally three hits ware raquirad for olearing 
(Figure 12). Depending on tha tast airspeed and iolng conditions (LVC, 
droplat size, temperature) tha ioa was grainy (popoorn loa), built up spikes 
froa tha surf see or el ear ioa of nearly uniform thickness. Generally tha 
laading edge aooumulated tha heaviest amount. Frequently vary little accu- 
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aulated on tho pressure aurfaoa. On aoma oooaalona ttaara was a alight 
aoouaulatlon on tho avotlon aurfaoa but only baok to about tha forward apar. 
Oanarally thara waa a light residue ranalnlng aoattarad ever tha aurfaoaa 
aftar tha de-ielng. Thia waa not an aaount to oauaa any problaaa and 
ganarally olaarad off at tha tlaa of tha naxt da-lolng. 

Poat taat axaalnatlon of tha nodal ravaalad no aajor atruotural daaaga. 
However, aany of tha doublara wara dabondad at thair edges and wara ourllng 
dua to tha alaotroaagnatlo foroaa. Soaa of tha rlvat haada for tha doublar 
rivets had baan daforaad. Thara waa evldanoe that tha soft atalnlaaa ataal 
that waa uaad for tha aklna waa balng daforaad at tha ooll location. Tha 
laading adga akin, at tha forward apar, waa daforaad and tha rlvat'a haada 
baginning to pull through tha akin notarial. Thaaa typaa of problaaa wara 
not unaxpaotad. It la axpaotad that If tha akina had baan oonsti-uoted of 
304 atalnlaaa ataal, thaaa problaaa would not hava oeeurrad. 

Conclusions 

Daaonstration of tha feasibility of applying EIDI to tha da-icing of 
tha turning vanes In the NASA Lewis Researob Canter's altitude wind tunnel 
waa aeooapllshed. This sucoassful daaonstration covered a wide range of 
icing oonditions. Tha only apparent problaaa wara aoaa akin fatigue and 
debonding of tha oopper doublara. Specific design and fabrloation 
suggestions can now be nade on tha basis of this study (Sea Section VII). 
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VII CONSTRUCTION RECOMMENDATIONS 


Based on visual observations and post test inspections of the model, the 
following methods of oonstruotion are recommended: 

1. The structural design used for the wind tunnel model should be 
considered for use in the actual construction. Tb is uses two spars, 
ribs every 1.5 to 2.0 feet, with no rib extending into the leading edge 
seotion upstream from the front spar. 

2. The front spar was placed far forward because the NASA ice accretion 
computations showed that a small region on the pressure side would 
collect almost no ice. However, in the tests, the ice-free region did 
not occur. It is recommended that both spars be moved rearward 3*0” 
indies. Then circular nose coils could be used instead of the race- 
track shaped coils used in these tests. 

3. The skin material chosen for this test by NASA was stainless steel. 
Replacement by 0.062 inch thick alloy aluminum is suggested, preferably 
series 6061 or 7049. This material is cheaper, easier to form and 

is more readily heat treated. For this, doublers should not be needed. 

4. Coil specifications for use with a power supply of 800 microfarads and 
1400 volts are: 

(a) For leading edge section, use circular coils made of 42 turns of 
.030" x .190" copper ribbon wire. Inside diameter s 0.25", outside 
diameter * 2.85". One coil per station with about 18 inches spanwise 
separation. Each coil is mounted on the forward spar and is centered 
over the pressure side of the leading edge. 

(b) For the two concave sections, use 50 turns of .030* x .190" ribbon 
wire; ID * 0.25", OD = 3.5”. These should be approximately centered 
in the bays formed by spars and ribs. 

For all of these, two coils connected in series are to be impulsed twice 
before cycling to the next station. De-icing at six minute intervals 
should be very adequate for maintaining acceptable air flow. 

5. This design will call for three coils for every 1.5 ft. of length. 

Since the coils are connected in pairs and pulsed twice, 3 pulses is 
required for each 1.5 foot of length. Thus, two pulses per foot of span 
constitutes one cleaning cycle. If capacitators recharge in 4.0 seconds, 
7.5 feet of vane is cleaned each minute. For a 6 minute cycling time, 

a power box is needed for each 45 feet of vane length. If recharge 
time is shortened to 3.0 seconds, the length per power box is 60 feet. 
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Figure 1 Altitude Wind Tunnel Refurbishment 
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Figure 7 


COIL SPECIFICATIONS 


fpj, 0.. _D_. * Wire Eide rs ions Turns 



(inches ) 

( inches ) 


1 

3.5 

.050 

x .190 

35 

2 

3.5 

.032 

x .190 

51 

3 

35 

.050 

x .190 

35 

k 

35 

.050 

x .190 

35 

5 

racetrack** 

.025 

x .125 

42 

6 

3.5 

.050 

x .190 

35 

7 

racetrack** 

.025 

x .125 

42 

6 

3.0 

.032 

x .190 

42 

9 

racetrack** 

.025 

x .125 

42 

10 

4.0 

.050 

x .190 

34 

11 

4.0 

.050 

x .190 

34 

12 

3-0 

.032 

x .190 

42 

13 

racetrack** 

.025 

x .125 

42 

14 

3.0 

.032 

x .190 

42 

15 

3.0 

.032 

x .190 

42 

16 

3.5 

.032 

x .190 

51 

17 

racetrack** 

.025 

x .125 

42 

18 

3.0 

.032 

x .190 

42 

19 

3.0 

.032 

x .190 

42 


•All colls had inside diameters of 0.25 inches. 

••Racetrack-shaped colls for the leading edge: 

42 turns 
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Figure 8 POWER BOX CHANNEL -TO* COIL CONNECTIONS 

Coil Location* and Specifications are given in the two preceding pages 


IM N£L. CHjtNm 


£PJW JN SERIE S 


1 - 9 


10 - 15 


16 - 21 


1 


9 4 17 

2 


5 & 13 

3 


2 & 16 

4 


10 6 11 

5 


15 4 18 

6 


14 4 19 

7 


8 4 12 

8 


3 4 4 

- 4 

sane as above 

5 

3, 

4, 14 4 18 

6 

It 

6, 15 4 19 

1 


2 4 16 

2 


14 & 15 

3 


2 4 16 

4 


10 4 11 

5 


3 4 4 

7 


9 4 17 

8 


5 4 13 


Channels 1 - 6 are the new power box. 
Channels 7-9 are the old power box. 


STORED ENERGY EXPENDED 


C 


V 

J 

JlL3 


Volts 

Joules 

600 


1000 

300 

600 


1200 

432 

600 


1400 

588 

800 


1000 

400 

800 


1200 

576 

800 


1400 

784 

800 


1500 

900 


20 


AWT VANE. COILS 2 & 16 IN SERIES 
600 yF 400 V 




Figure 9a 











MILLI -INCHES 


Figure 9d 

AWT VANE. COILS 15 & 19 IN SERIES 
600 tiF 400 V 
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OKKWNAL PACE & 
Of POOR QUALITY 




Appendix A 
Project Personnel 


Glen W. Zumwalt, Distinguished Professor of Aeronautical Engineering. 
Project Director. 

Richard Ross, Consultant and Lecturer In Aeronautical Engineering. 
Project Administrator; Responsible for Overall Design. 

Robert L. Schrag, Professor of Electrical Engineering. Responsible 
for Electromagnetic Design and Testing. 

Walter D. Bernhart, Professor of Aeronautical Engineering. Respon- 
sible for Structural Dynamic Design and Testing. 

Robert A. Frledberg, Research Associate. Responsible for Instrumenta- 
tion, Procurement, Design Detail and Fabrication Coordination. 

V. L. "Ben" Haghauer, Chief Technician. Constructed the Models, Coils, 
Mounts, and Tunnel Installation Fixtures. 
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Appendix B 


DATA FROM THE ICING 
WIND TUNNEL TESTS 
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ICING RESEARCH TUNNEL TESTS 


AWT TURNING VANES 

(See Figure 8 for oolls connected to eaoh channel) 


TEST 

SECT. ICE TUN'L PULSE 

RUN IAS TEMP LWC MVD TIME PRESS SEQ. VOLTS CAP COMMENTS 

aph degF g/a3 Bio Bin. paia CHAN. NO. uF 


Tuesday, September 10, 1985 


1 

100 

27 

1.2 

15 

20 

14.32 

(No De-ioing) 


Visual Inspection for loe 










distribution. 

Very little ioe build-up. 


2 

100 

29 

2.5 

20 

5aore 

14.32 

1 

800 

800 

loe added to Run 1 ioe. 




Total lolng 

«25 Bin. 






100 

29 

2.5 

20 

25 

14.32 

1.1 

1000 

800 



100 

29 

2.5 

20 

25 

14.32 

2,2,2 

1400 

800 

Leading edge well de-loed. 


100 

29 

2.5 

20 

25 

14.32 

3 

1000 

800 

Very thin ioe on oonoave 
surfaces. 


100 

29 

2.5 

20 

25 

14.32 

3 

1400 

800 

About 305 loe gone. 


100 

29 

2.5 

20 

25 

14.32 

4 

1400 

800 



100 

29 

2.5 

20 

25 

14.32 

5 

1000 

800 



100 

29 

2.5 

20 

25 

14.32 

5 

1400 

800 



100 

29 

2.5 

20 

25 

14.32 

6 

1400 

800 

Concave panels not de-ioed well, 


100 

29 

2.5 

20 

25 

14.32 

7 

1400 

600 


3 

100 

27 

2.5 

20 

15 

14.32 

(No De-ioing) 


Very light ioe. Stopped to 










remove impingenent grid from 
test seotion. 


4 

100 

23 

2.5 

20 

15 

14.32 

(No De-ioing) 


Some runbaok & freeze on oonvex 










side Ioe .25" to .35" thick on 
l.e. Slightly less ioe on oon- 
oave side. 



4a 

100 

23 

2.5 

20 

15Bore 

i 14.32 




About 0.6” inch ioe on l.e. 



Total Icing 

■45 min. 




(glaze) 


100 

23 

2.5 

20 

30 

14.32 

1 

1400 

800 

l.e. 905 clear 


100 

23 

2.5 

20 

30 

14.32 

2 

1400 

800 

l.e. olean 


100 

23 

2.5 

20 

30 

14.32 

3, 4, 5, 6 

1400 

800 

Mostly clean. Some residue. 
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TEST 


RON 

SECT. 

IAS 

mph 

TEMP 

degP 

LVC WD 
g/m3 mlo 

ICE 

TIME 

min. 

T0N»L 

PRESS 

psla 

PULSE 

SBQ. 

CHAN. NO. 

VOLTS 

CAP 

UP 

COMMENTS 

4a 

100 

23 

2.5 

2 

30 

14.32 

7,8 

1400 

600 

Less dean than above. 


Model 

steaa 

• 

•O 

• 

s 

H 

O 







5 

100 

15 

1.6 

25 

30 

14.30 




l.e. ioe 3.5” thiok; thin "frost” 
on oonoave side (rime). 


100 

15 

1.6 

25 

30 

14.30 

1 

1000 

800 

Little effect. 


100 

15 

1.6 

25 

30 

14.30 

1 

1200 

800 

Still little shed. 


100 

15 

1.6 

25 

30 

14.30 

2 

1400 

800 

l.e. mostly clean. 


100 

15 

1.6 

25 

30 

14.30 

1 

1400 

800 

l.e. dean. 


100 

15 

1.6 

25 

30 

14.30 

3 

1400 

800 

10” circle dean over coils. 


100 

15 

1.6 

25 

30 

14.30 

4 

1400 

800 

Nearly clean on both bays. 


100 

15 

1.6 

25 

30 

14.30 

5 

1400 

800 

Bay nearly dean. 


End of day observations: Some slight over-coil deformations (stress 

exceeded yield strength.) This probably due to annealed stainless steel skin. 


Wednesday, September 11, 1985 


100 

25 

1.3 

16 

60 

100 

25 

1.3 

16 

60 

100 

25 

1.3 

16 

60 

100 

25 

1.3 

16 

60 

100 

25 

1.3 

16 

60 

100 

25 

1.3 

16 

60 

Model steam cleaned. 


175 

24 

1.8 

25 

15 


14.28 




14.28 

4 

1200 

800 

14.28 

5 

1200 

800 

14.28 

3 

1200 

800 

14.28 

1 

1200 

800 

14.28 

2 

1200 

800 


13.88 


l.e. 3/4 in. thiok; oonoave side 
1/4". Ice-finger growth. 

Almost all of this bay dean 
from l.e. to t.e. Next bay lower 
clean to rear spar. 

Cleaned bay from rear spar to 
t.e. 

All cleaned aft of front spar. 

Most of ice between ooils 
cleaned off. 

l.e. dean except over ooil 7. 


About 0.7” on l.e. and 0.5” on 
concave. Some convex side 
runbaek freezing. Ioe fingers 
aft of rear spar. 
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TEST 


RON 

SECT 

IAS 

■pb 

TEMP 

degF 

LWC MVD 
g/a3 Bio 

ICE 

TIME 

Bln. 

TUN'L 

PRESS 

pale 

PULSE 

SEQ. 

CHAN. NO. 

VOLTS 

CAP 

uF 

COMMENTS 

7 

175 

24 

1.8 

25 

15 

13.88 

4 

1200 

800 

Coll 11 oleaned moat of bay; 10 
10 oleared 10" olrole. 


175 

24 

1.8 

25 

15 

13.88 

4 

1200 

800 

Coll 10 flnlahed oleanlng lta 
bay. 


175 

24 

1.8 

25 

15 

13.88 

6 

1200 

800 

Moat of bay olean. Good. 


175 

24 

1.8 

25 

15 

13.88 

8 

1200 

800 

Oood oleanlng. 


175 

24 

1.8 

25 

15 

13.88 

3 

1200 

800 

Some ioe abed. 


175 

24 

1.8 

25 

15 

13.88 

3 

1200 

800 

Balanoe oleaned. 


175 

24 

1.8 

25 

15 

13.88 

1 

1200 

800 

Oood oleanlng. 

175 24 1.8 

Model steaa cleaned. 
8 175 24 1.8 

25 

20 

15 

15 

13.88 

13.88 

2 

1200 

800 

Cleaned aoat of tbe regaining 
l.e. 0.75" on l.e. Grainy 
surface. Mixed type ioe. 

Convex aide baa light frost. 
Concave side about 0.5" thiok. 
Note: ioe covering la contin- 

uous froa l.e. to t.e. 


175 

24 

1.8 

20 

15 

13.88 

4 

1000 

800 

Coil 11 oleaned well; Coil 10 
only oraoked ioe. 


175 

24 

1.8 

20 

15 

13.88 

4 

1000 

800 

305 of ooll 10 bay olean. 


175 

24 

1.8 

20 

15 

13.88 

4 

1000 

800 

405 of ooll 10 bay olean. 


175 

24 

1.8 

20 

15 

13.88 

6 

1000 

800 

Exoellent cleaning. 


175 

24 

1.8 

20 

15 

13.88 

8 

1000 

600 

Good oleanlng. 


175 

24 

1.8 

20 

15 

13.88 

3 

1000 

800 

Fair oleanlng. 


175 

24 

1.8 

20 

15 

13.88 

3 

1000 

800 

A bit aore. 


175 

24 

1.8 

20 

15 

13.88 

3 

1000 

800 

Ioe reaalned aft of rear spar 
and nail bit over ooll 3. 


175 

24 

1.8 

20 

15 

13.88 

1 

1000 

800 

Soae abed near ooll 17. 


175 

24 

1.8 

20 

15 

13.88 

1 

1000 

800 

Cleaned well. 


175 

24 

1.8 

20 

15 

13.88 

2 

1000 

800 

Moat of loe gone. 


175 

24 

1.8 

20 

15 

13.88 

2 

1000 

800 

All olean. 
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TEST 


RUN 

SECT. 

IAS 

mph 

TEMP 

degF 

LWC MVD 
g/m 3 mlo 

ICE 

TIME 

min. 

TUN'L 

PRESS 

pala 

PULSE 

SBQ. 

CHAN. NO. 

VOLTS 

CAP 

UP 

7 

175 

15 

0.8 

12 

15 

13.85 





175 

15 

0.6 

12 

15 

13.85 

4 

1000 

800 


175 

15 

0.8 

12 

15 

13.85 

4 

1000 

800 


175 

15 

0.8 

12 

15 

13.85 

4 

1000 

800 


175 

15 

0.8 

12 

15 

13.85 

3 

1000 

900 

175 

15 

0.8 

12 

15 

13.85 

3 

1000 

800 

175 

15 

0.8 

12 

15 

13.85 

3 

1000 

800 

175 

15 

0.8 

12 

15 

13.85 

8 

1000 

800 

175 

15 

0.8 

12 

15 

13-85 

8 

1000 

800 

175 

15 

0.8 

12 

15 

13.85 

8 

1000 

800 

175 

15 

0.8 

12 

15 

13-85 

6 

1000 

800 

175 

15 

0.8 

12 

15 

13.85 

6 

1000 

800 

175 

15 

0.8 

12 

15 

13.85 

1 

1000 

800 

175 

15 

0.8 

12 

15 

13.85 

1 

1000 

800 

175 

15 

0.8 

12 

15 

13.85 

1 

1000 

800 

175 

15 

0.8 

12 

15 

13.85 

2 

1000 

800 

175 

15 

0.8 

12 

15 

13.85 

2 

1000 

800 

Thursday, 

September 

12 , 

1985 





10 100 

27 

3.0 

25 

30 

14.32 




100 

27 

3.0 

25 

30 

14.32 

1 

1000 

800 

100 

27 

3.0 

25 

30 

14.32 

1 

1000 

800 


COMMENTS 

About 0.4 inches on l.e. 5 Concave 
•Ida, frost, "popcorn" ice. 

.25" to .40* thiok. 

Some loe ahed. 

Soma ioe ahed. 

Clean over ooil and between apart 
about 4 ft. apan wiaa and 
15 inohea ohord vise. 

Very little ahed. 

Very little ahed. 

Still not dean. 

Very little loe ahed. 

Very little loe ahed. 

Very little loe ahed. 

Only froet here. 

Some ahed. 

Some ioe ahed. 

Still a one ioe on the aurfaoe. 

? 

? 

0.75" loe on l.e., .35” baok to 
rear apar. Splotohy loe aft of 
rear apar. 

505 dean. 

955 dean. 
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TI3T 


SECT. ICS 


IAS 

■Pb 

TEMP 

dajF 

LVC M TO 
g/a3 aio 

TIME 

sin. 

100 

27 

3.0 

25 

30 

100 

27 

3.0 

25 

30 

100 

27 

3.0 

25 

30 

100 

27 

3.0 

25 

30 

100 

27 

3.0 

25 

30 

100 

27 

3.0 

25 

30 

100 

27 

3.0 

25 

30 

100 

27 

3.0 

25 

30 

100 

27 

3.0 

25 

30 

100 

27 

3.0 

25 

30 

100 

27 

3.0 

25 

30 

100 

27 

3.0 

25 

30 

100 

27 

3.0 

25 

30 

100 

27 

3.0 

25 

30 

1*0 

27 

2.5 

30 

15 

140 

27 

2.5 

30 

15 

140 

27 

2.5 

30 

15 

140 

27 

2.5 

30 

15 

140 

27 

2.5 

30 

15 

140 

27 

2.5 

30 

15 

140 

27 

2.5 

30 

15 

140 

27 

2.5 

30 

15 


TUN'l 

PRESS 

psla 

PULSE 

SBQ. 

CHAN. NO. 

VOLTS 

CAP 

uP 

14.32 

1 

1000 

800 

14.32 

2 

1000 

800 

14.32 

2 

1000 

800 

14.32 

2 

1000 

800 

14.32 

3 

1000 

800 

14.32 

3 

1000 

800 

14.32 

3 

1000 

800 

14.32 

4 

1000 

800 

14.32 

4 

1000 

800 

14.32 

4 

1000 

800 

14.32 

5 

1500 

800 

14.32 

5 

1500 

800 

14.32 

5 

1500 

800 

14.32 

6 

1500 

800 

14.11 

14.11 

1 

1000 

800 

14.11 

1 

1000 

800 

14.11 

1 

1000 

800 

14.11 

2 

1000 

800 

14.11 

2 

1000 

800 

14.11 

2 

1000 

800 

14.11 

3 

1000 

800 


COMMENTS 


Uppsr 3/H of l.o. spaa is olssn. 
#13 alraady olssn. 

Most olssn. 

l.s. til olssn; sllgbt rssldut. 
#16 olssrsd; #2 partial. 

Mors absd. 

100$ olssn. 

Csntsr bay olssn; oirols around 

# 11 . 

Most of #11 bay olssn. 

95$. 

Uppsr bay olssnsr than lowsr. 

Oppsr 95$ olsan. 

Lowsr not oosplstsly olssn. 

All of vans Is olsan sxospt for 
soattsrsd rssldus. 

l.s. ios tbloknsss about 0.4*. 
t.s. slaost bars. 

l.s. ios oraoksd. 

Muob absd. 

l.s. sostly olsan. 

Soss absd. 

Mors. 

All olsan l.s. 

Uppsr bay 00$ olsan. 
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TIST 

SECT. ZCt PULSE 


mm 

IAS 

■pta 

TEMP 

dagF 

LVC MVP 
(/■3 ala 

TIM 

■In. 

PRESS 

pal* 

3IQ. 

CHAR. 

VOLTS 

MO. 

CAP 

uT 

COMMENTS 

11 

140 

27 

2.5 

30 

15 

14.11 

3 

1000 

BOO 

Oppar elaaa. 


140 

27 

2.5 

30 

15 

14.11 

3 

1000 

800 

Lower atUl not elaan. 


140 

27 

2.5 

30 

15 

14.11 

4 

1000 

800 

Craokad. 


140 

27 

2.5 

30 

15 

14.11 

4 

1000 

800 

#10 la 708 olaan; #11 aoa*. 


140 

27 

2.5 

30 

15 

14.11 

4 

1000 

800 

Both wall olaan ad. 


140 

27 

2.5 

30 

15 

14.11 

5 

1500 

800 

Oppar bay aoatly olaan; lowar 
oraoked. 


140 

27 

2.5 

30 

15 

14.11 

5 

1500 

800 

Oppar olaan; lowar 508 olaan. 


140 

27 

2.5 

30 

15 

14.11 

5 

1500 

800 

Lowar baa aeaa loa regaining. 


140 

27 

2.5 

30 

15 

14.11 

6 

1500 

800 

Oppar olaan; lowar not. 


14C 

27 

2.5 

30 

15 

14.11 

6 

1500 

800 

All olaan. 


140 

27 

2.5 

30 

15 

14.11 

3 

1000 

800 



140 

27 

2.5 

30 

15 

14.11 

3 

1000 

800 

All olaan. 

12 

140 

27 

2.0 

30 

30 

14.11 




3/4 Inch on l.a. Not aucb loa 
naar l.a. 1/2 lnob at front 
apar. loa flngara at l.a. 


140 

27 

2.0 

30 

30 

14.11 

1 

1000 

800 

loa cracking only. 


140 

27 

2.0 

30 

30 

14.11 

1 

1000 

800 

Soaa loa ahad orar ooll 9. 


140 

27 

2.0 

30 

30 

14.11 

1 

1000 

800 

loa all loo**, but not all Miad 


140 

27 

2.0 

30 

30 

14.11 

2 

1200 

800 

Littlo raaorad. 


140 

27 

2.0 

30 

30 

14.11 

2 

1200 

800 

Moatly cleaned. 


140 

27 

2.0 

30 

30 

14.11 

2 

1200 

800 

Clean over #9 A #13; lowar l.a. 
over #5 alaoat olaan. 


140 

27 

2.0 

30 

30 

14.11 

3 

1200 

800 

Soaa abed. 


140 

27 

2.0 

30 

30 

14.11 

3 

1200 

600 

758 olaan orar #16 and #2. 


140 

27 

2.0 

30 

30 

14.11 

3 

1200 

800 

All olaan for baya of 2 and 6. 
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TEST 


mm 

SECT. 

XAS 

■P* 

TBfP 

**r 

LUC MFD 
g/»3 alo 

ICE 

TXMI 

■In. 

TON'L 

PRESS 

pula 

PULSE 

3BQ. 

CBL*>. NO. 

VOLTS 

CAP 

uF 

COMMENTS 

12 

140 

27 

2.0 

30 

30 

14.11 

4 

1200 

800 

Vary littla ahad. 


140 

27 

2.0 

30 

30 

14.11 

4 

1200 

800 

Mora. 


140 

27 

2.0 

30 

30 

14.11 

4 

1200 

800 

70| olaan for bays of #10 A #11. 


140 

27 

2.0 

30 

30 

14.11 

5 

1500 

800 

Uppar bay ahad aoaa. 


140 

27 

2.0 

30 

30 

14.11 

5 

1500 

800 

Uppar aoatly olaan. 


140 

27 

2.0 

30 

30 

14.11 

5 

1500 

800 

Uppar olaan; lcwar baa auob loa 
oyar oolla 3*4; auob ahad orar 

If 6*8. 


140 

27 

2.0 

30 

30 

14.11 

6 

1500 

800 

All olaan. 


140 

27 

2.0 

30 

30 

14.11 

6 

1500 

800 

Only lita, aoatfearad piaoaa 
ranaln. 


140 

27 

2.0 

30 

30 

14.11 

4 

1200 

800 

Raaovad auob of raaldual loa. 











Notaa: 3* 4 do not oltan aa wall 
aa 14, 18. 2 doaa not olaan aa 
wall aa 16. Colla with aora 
turns ara auparlor. 

13 

100 

15 

3.0 

30 

15 

14.33 




Soattarad baavy aoouaulatlona. 
0.5” lea flngara at t.a. Only 
front froa raar apar to t.a. 


100 

15 

3.0 

30 

15 

14.33 

1 

1200 

800 

Uppar 18 lnoh olaan. 


100 

15 

3.0 

30 

15 

14.33 

1 

1200 

800 

l.a. orar 9 * 17 olaan; aoa» 
ahad batwean 9 * 17. 


100 

15 

3.0 

30 

15 

14.33 

1 

1200 

800 

All olaan axoapt at bottoa 12 
lnebaa. 


100 

15 

3.0 

30 

15 

14.33 

2 

1200 

800 

Claanad aoat of l.a. 


100 

15 

3.0 

30 

15 

14.33 

2 

1200 

800 

Soaa olaan ad bablnd front apar. 


100 

15 

3.0 

30 

15 

14.33 

3 

1200 

800 

Colla 2 and 16 elaanad aoat of 
tbalr bay a. 


100 

15 

3.0 

30 

15 

14.33 

3 

1200 

800 

Soaa olaanad In adjaoant bays. 
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TEST 

SECT. ICE 

BON MS TEMP LHC MVD TIME 
aph degF g/m3 Bio Bln. 


100 

15 

3.0 

30 

15 

100 

15 

3.0 

30 

15 

100 

15 

3.0 

30 

15 

100 

15 

3.C 

30 

15 

100 

15 

3.0 

3o 

15 

100 

15 

3.0 

22 

30 

100 

15 

3.0 

22 

30 

100 

15 

3.0 

22 

30 

100 

15 

3.0 

22 

30 

100 

15 

3.0 

22 

30 

100 

15 

3.0 

22 

30 

100 

15 

3.0 

22 

30 

100 

15 

3.0 

22 

30 

100 

15 

3.0 

22 

30 

100 

15 

3.0 

22 

30 


TUN'L 

PRESS 

psia 

PULSE 

SEQ. 

CHAN. NO. 

VOLTS 

CAP 

uF 

14.33 

3 

1200 

800 

14.33 

4 

1200 

800 

14.33 

4 

1200 

800 

14.33 

5 

1500 

800 

14.33 

5 

1500 

800 

14.34 

14.34 

1 

1200 

800 

14.34 

1 

1200 

800 

14.34 

1 

1200 

800 

14.34 

2 

1200 

800 

14.34 

2 

1200 

800 

14.34 

3 

1200 

800 

14.34 

3 

1200 

800 

14.34 

4 

1200 

800 

14.34 

5 

1500 

800 


COMMENTS 


More. 

Cleaned Boat of residue. 

Cleaned Boat of residue. 

Removed remaining ioe. 

Removed remaining frost. 

I. 5 inch ioe on l.e.; uneven ice 
on conoave surface. 

Half of l.e. is clean. 

Only lower 2 ft. of l.e. has ice 
remaining. 

Slight improvement. 

Cleaned whole l.e. except for 
frosty residue. 

Little change. 

Most of vane is clean. 

Some light residue shed. 

0.10 inch frost still near coil 

II . 

Some very thin frost won't 
come off. 


Monday, 

Sept< 

Baber 16, 1986 



15 50 

65 

0—0 

(No De-icing) 

Velocity measured at model s 
23 mph. 

75 

65 

0—0 

(No De-ioing) 

Velocity measured at model s 
34 mph. 
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TEST 







SECT 



ICE 

TUN’L 

PULSE 


RUN IAS 

TEMP 

LHC MVD 

TIME 

PRESS 

SEQ. VOLTS 

CAP COMMENTS 

nph 

degP 

g/n3 mic 

Bln. 

psia 

CHAN. NO. 

uF 


140 

27 

2.0 

20 

30 

14.04 




At 20 minutes, slowed to neesure 
icing on the 1/8 inch reference 
collector. LHC probe ves mountec 
on vane nodel. On l.e. 1.3" ioe 
thickness. Only patches of ice 
aft of rear spar; very little 
ice at t.e. 

140 

27 

2.0 

20 

30 

14.04 

7 

1000 

600 

Cracking only. 

140 

27 

2.0 

20 

30 

14.04 

7 

1000 

600 

80? clean. 

140 

27 

2.0 

20 

30 

14.04 

7 

1000 

600 

l.e. clean except some over 
coil 7 and below. 

140 

27 

2.0 

20 

30 

14.04 

8 

1000 

600 

l.e. over coil 5 cleaned. 

140 

27 

2.0 

20 

JO 

14.04 

8 

1000 

600 

l.e. clean over all 3 bays. 

140 

27 

2.0 

20 

30 

14.04 

3 

1000 

800 

Moat of vane is clean. Residue 
less than 0.25" thick. 

140 

27 

2.0 

20 

30 

14.04 

3 

1000 

800 

Part of scattered residue shed. 

140 

27 

2.0 

20 

30 

14.04 

3 

1000 

800 

More. 

140 

27 

2.0 

20 

30 

14.04 

4 

1000 

800 

Most ice gone except over rear 
span. 

140 

27 

2.0 

20 

30 

14.04 

4 

1000 

800 

Part of rear spar ice shed. 

140 

27 

1.5 

27 

30 

14.04 




2" thick on l.e.; 0.75* over 
rear bays. 

140 

27 

1.5 

27 

30 

14.04 

7 

1000 

600 

Mostly cracking of ice. 

140 

27 

1.5 

27 

30 

14.04 

7 

1000 

600 

More cracking. 

140 

27 

1.5 

27 

30 

14.04 

7 

1000 

600 

Only partially clean; ice is 
debonded. 

140 

27 

1.5 

27 

30 

14.04 

8 

1200 

600 

Much l.e. ice shed. 

140 

27 

1.5 

27 

30 

14.04 

8 

1200 

600 

Most of l.e. between colls 5 & 
17 clean. 

140 

27 

1.5 

27 

30 

14.04 

8 

1200 

600 

All clean. 
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TEST 

SECT. ICE TUN'L FOLSE 


IAS 

■ph 

TEMP 

degF 

LVC MVD 
g/»3 alo 

TIME 

sin. 

PRESS 

pain 

SBQ. 

CHAN. 

VOLTS 

NO. 

CAP 

uF 

COMMENTS 

140 

27 

1.5 

27 

30 

14.04 

4 

1000 

800 

Much oleanlng over 3, 4, 11, 14 
A 15; Som off over 10. 

140 

27 

1.5 

27 

30 

14.04 

4 

1000 

800 

All olean aft of rear apar. 

140 

27 

1.5 

27 

30 

14.04 

3 

1000 

800 

Mostly olean between spars. 

140 

27 

1.5 

27 

30 

14.04 

3 

1000 

800 

All olean between spars. 

140 

27 

1.5 

27 

30 

14.04 

3 

1000 

800 


140 

27 

1.5 

27 

30 

14.04 

3 

1000 

800 

Only snail, scattered residue. 

140 

27 

1.5 

27 

30 

14.04 

5 

1000 

800 

Some frost shed. 

140 

15 

2.5 

30 

15 

14.04 

7 

1200 

600 

Only ice cracking. 

140 

15 

2.5 

30 

15 

14.04 

7 

1200 

600 

More cracking. 

140 

15 

2.5 

30 

15 

14.04 

7 

1200 

600 

Snail diips cane off. 

140 

15 

2.5 

30 

15 

14.04 

8 

1200 

600 

Much removed. 

140 

15 

2.5 

30 

15 

14.04 

8 

1200 

600 

More. 

140 

15 

2.5 

30 

15 

14.04 

8 

1200 

600 

All l.e. is clean. 

100 

15 

3.0 

22 

30 

14.04 

3 

1000 

800 

A bit removed. 

100 

15 

3.0 

22 

30 

14.04 

3 

1000 

800 

Bay of coil 16 fairly olean, but 
not ooil 2. 

100 

15 

3.0 

22 

30 

14.04 

3 

1000 

800 

Bay of coil 2 inproved some. 

100 

15 

3.0 

22 

30 

14.04 

4 

1C00 

800 

A small bit removed; much 
loosened. 

100 

15 

3.0 

22 

30 

14.04 

4 

1000 

800 

Almost clean. 

100 

15 

3.0 

22 

30 

14.04 

4 

1000 

800 

Completely clean. 

100 

15 

3.0 

22 

30 

14.04 

5 

1000 

800 

Most of ice is shed. 

100 

15 

3.0 

22 

30 

14.04 

2 

800 

800 

Only light frost remains. 

100 

15 

3.0 

22 

30 

14.04 

2 

800 

800 

Some of frost expelled. 
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TEST 


SECT. ICE 


RON 

IAS 

■Ph 

TEMP 

degF 

LHC MVD 
g/m3 mlo 

TIME 

min. 

18 

100 

15 

3.0 

22 

30 


100 

15 

3.0 

22 

30 

19 

175 

15 

1.6 

20 

15 


175 

15 

1.6 

20 

15 


175 

15 

1.6 

20 

15 


175 

15 

1.6 

20 

15 


175 

15 

1.6 

20 

15 


175 

15 

1.6 

20 

15 


175 

15 

1.6 

20 

15 


175 

15 

1.6 

20 

15 


175 

15 

1.6 

20 

15 


175 

15 

1.6 

20 

15 


175 

15 

1.6 

20 

15 


175 

15 

1.6 

20 

15 

20 

200 

15 

1.6 

19 

15 


200 

15 

1.6 

19 

15 


200 

15 

1.6 

19 

15 


200 

15 

1.6 

19 

15 


200 

15 

1.6 

19 

15 


TUN'L 

PRESS 

psia 

PULSE 

SEQ. 

CHAN. 

VOLTS 

NO. 

CAP 

uF 

14.04 

1 

800 

800 

14.04 

1 

800 

800 

13.83 




13.83 

7 

1000 

600 

13.83 

7 

1000 

600 

13.83 

7 

1000 

600 

13.83 

8 

1000 

600 

13.83 

8 

1000 

600 

13.83 

3 

1000 

800 

13.83 

3 

1000 

800 

13.83 

3 

1000 

800 

13.83 

4 

1000 

800 

13.83 

4 

1000 

800 

13.83 

4 

1000 

800 

13.66 


• 


13.66 

7 

1000 

600 

13.66 

7 

1000 

600 

13.66 

7 

1000 

600 

13.66 

8 

1000 

600 


COMMENTS 


More. 

Slightly more. 

Light icing; tunnel speed kept uj 
during de-icing. 

Mostly clean near ooils 9 A 17. 

More of l.e. clean. 

l.e. all clean except bottom 12 
inches. 

Ice near coil 5 expelled. 

A little nore. 

Clear near ooils 2 A 16. 

Ice loosened, but not shed. 

A small amount shed. 

Some removed. 

Small amount shed. 

Small amount shed. 

Ice on l.e. 1 inch thick. 

Jagged bviid-up on concave 
surface. 

Good cleaning above coil 17; 

Some off at coil 9. 

All de-iced from top to mear 
coil 7. 

Not much more. 

No. 13 already clean. All the 
rest of l.e. clean exoept lower 
6 inches. 
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TEST 


RON 

SECT, 

IAS 

■ph 

TEMP LVC MVD 
degF g/B3 BiO 

ICE 

TIME 

■In. 

TUN'L 

PRESS 

pain 

PULSE 

SBQ. 

CHAN. NO. 

VOLTS 

CAP 

uF 

COMMENTS 

20 

200 

15 

1.6 

19 

15 

13.66 

8 

1000 

600 

A little more. 


200 

15 

1.6 

19 

15 

13.66 

3 

1000 

800 

Cleaned most of ice for whole 
span between the spars. 


200 

15 

1.6 

19 

15 

13.66 

3 

1000 

800 

Only light frost remains. 


200 

15 

1.6 

19 

15 

13.66 

4 

1000 

800 

Not enough ice to remove. 
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Appendix C 
Design Drawings 

A large sheet Is folded in the envelope at the 
back of this report. These are scale drawings 
of the vane model with dimensions and material 
specifications. 
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